We study the entropic considerations on the Universe system and the Universe-Black hole system, filled by quintessence, phantom and cosmological constant having negative pressure, using their relevant entropic bounds. It turns out that for both systems these considerations single out the cosmological constant, among the negative pressure candidate fields, as the viable cosmological field.
Introduction
The idea that gravity behaves as an emergent phenomenon is referred to the proposal made by Sakharov in 1967 [1] . In this proposal, named as the induced gravity, the spacetime background emerges as a mean field approximation of some underlying microscopic degrees of freedom, very similar to hydrodynamics or continuum elasticity theory from molecular physics [2] . Current research works on the relation between gravity and thermodynamics support this point of view [3] , where the major attention is focused on how the gravitational field equations can be derived from the thermodynamical point of view.
In a pioneering work of Jacobson, the Einstein field equations were obtained, using the equivalence principle and Clausius relation dQ = T dS where Q, T and S are the heat, temperature and entropy, respectively [4] . The key point in this work was to demand that the Clausius relation should hold for all local Rindler causal horizons with Q and T interpreted as the energy flux and Unruh temperature, as seen by an accelerated observer located inside the horizon. In this thermodynamic approach, the Einstein filed equations appear as the equations of state of spacetime. The Clausius relation also arises when one treats the gravitational field equations as an entropy balance law across a null surface, i.e S m = S grav [5] .
In another work by Padmanabhan, as a new approach to show a relation between gravity and thermodynamics, the gravity was shown not to be a fundamental interaction [6] . In this approach, the Newton's law of gravitation was derived by combining the equipartition law of energy for the horizon degrees of freedom with the thermodynamical relation S = E 2T where S, T and E are entropy, horizon temperature and active gravitational mass, respectively [7] . It was also argued that the current accelerated expansion of the universe may be derived from the discrepancy between the surface and bulk degrees of freedom through the relation ∆V /∆t = N sur − N bulk , where N bulk and N sur are the degrees of freedom related to matter-energy content inside the bulk and surface area, respectively [8] . These studies magnify the importance of thermodynamic approach to gravity as well as the corresponding thermodynamical quantities, even for cosmological systems. The entropy and its bounds play the key roles in theses kinds of studies.
The application of Bekenstein's bound to sufficiently small regions of the Universe can be found in [10, 11, 15, 16, 17, 18, 19] . Moreover, Fischler and Susskind have proposed a bound [11] which can formulate the holographic principle [12, 13, 14] . They have carefully exposed the difficulties that arise when such bounds are pushed beyond their range of validity [11, 15, 18] . On the other hand, Bousso has proposed D-bound for systems with cosmological horizon, like asymptotically non-flat Schwarzschild-de Sitter black hole [22] . Of course, one can look for D-bound for other solutions which are not asymptotically flat and include a cosmological apparent horizon. A general proposal was then suggested by Bousso [9] for entropy bound, so called covariant entropy bound, which has been shown to comply with the Bekenstein's entropy bound and the Fischler and Susskind bound.
In this paper, we will consider the system of "Universe" and the system of "Universe-black hole" filled by some cosmological fields, and investigate the cosmological fields which can be preferred by imposing the relevant entropy bounds on these systems. First, for the system of "universe", we will apply the covariant entropy bound on the light-like cosmological horizon and the entropy bound arising from the Padmanabhan's Emergent Paradigm. These two entropy bounds should be identified on the light-like cosmological horizon. Then, for the system of "universe-black hole" we will apply the D-bound and the Bekenstein entropy bound on the black hole. These two entropy bounds should also be identified on the black hole. From the mentioned identifications, we will obtain the preferred matter fields as the viable cosmological fields. In section 2, we find an entropy bound which is resulted by means of Padmanabhan's Emergent Paradigm and we attempt to identify the maximum entropy bound coming from the covariant entropy conjecture, in one hand, and the entropy of Padmanabhan's Emergent Paradigm on the other hand for universe system. In section 3, D-bound and Bekenstein bound are studied for the quintessence and phantom fields, respectively, and their identifications are investigated for universe-black hole system. Finally, in section 4, we give our concluding remarks.
Entropy bounds for the Universe system
The relevant entropy bounds which are of particular importance in the present study for the Universe system are "Entropy bound of Padmanabhan's emergent Universe" and Bousso's "Covariant entropy bound", as is described in the following argument. From observational evidences we know that the universe is almost flat, namely k = 0, for which the Hubble horizon in Padmanabhan's paradigm becomes exactly the same as apparent horizon for a flat universe. The covariant entropy bound is introduced based on the "lightsheets"(null surfaces) [9] , and on the other hand, the Hubble horizon in the Padmanabhan's Emergent Paradigm becomes a "null apparent horizon" specifically for a flat universe. Therefore, the Hubble horizon in the Padmanabhan's Emergent Paradigm for a flat universe can be considered as a system for which one can ascribe the covariant entropy bound. In other words, if k = 0 is provided, then the Hubble horizon in Padmanabhan's paradigm plays the role of null surface enclosing the Universe and the covariant entropy bound becomes applicable to this system. For details of discussion, refer to cosmological corollary of covariant entropy bound in [9] .
Entropy bound for Padmanabhan's emergent flat Universe
In this subsection, we show that how Padmanabhan's emergent paradigm for an expanding flat universe can be written as an "emergent lower entropy bound" for the Universe system. According to Padmanabhan's proposal, the difference between the surface degrees of freedom and the bulk degrees of freedom in a region of space may result in the accelerated expansion of the FriedmannRobertson-Walker (FRW) Universe through the relation ∆V /∆t = N sur − N bulk where N bulk and N sur are referred to the degrees of freedom related to matter and energy content inside the bulk and surface area, respectively [8] .
For an expanding Universe, we have the following condition for the Padmanabhan's formula
which demands
On the other hand, we know that the relation between surface entropy S sur and surface degrees of freedom is as follows
where the entropy of the surface is A 4 , A being the area of the surface enclosed by the Hubble horizon r H . One can also write the bulk degrees of freedom in terms of its energy E and temperature T as
where the thermodynamic temperature of our cosmological system is H/2π. So, one can rewrite the equations (2), (3) and (4) as follows
which can be interpreted as a definition of the "emergent lower entropy bound". The reason why we call (5) as the emergent lower entropy bound is that it is a trivial rewriting of the Friedmann equation in terms of nonstandard variables r H , E and S, and has no independent content. For example, unlike S in the covariant bound, Padmanabhan's N bulk is not defined as the von Neumann entropy or the thermodynamic entropy of an actual bulk matter system, rather it is just a suggestive name given to a quantity that is directly defined in terms of quantities like H, ρ, and p that appear in the Friedmann equation. So, there is no nontrivial content to the statement that the Friedmann equation can be expressed in terms of such quantities. That is why the relation (5) cannot be considered as a definition of a "lower entropy bound" for the surface entropy S sur , so it merely can be interpreted as a definition of "emergent lower entropy bound" of a cosmological system in the framework of emergent Universe scenario. Therefore, it is meaningless to compare in general the "covariant upper entropy bound" with "πr H E as the emergent lower bound of S sur ", unless some specific conditions are provided in order for this comparison becomes meaningful. In the following section, we discuss that there is one specific possibility providing a meaningful comparison which corresponds to a spatially flat universe, i.e k = 0.
Covariant entropy bound for the flat Universe
In order to apply the covariant entropy bound on the flat Universe, one should study the relevant energy contents of the flat Universe, namely Misner-Sharp energy and Komar energy, and investigate which of these two is successful in matching the covariant entropy bound with the entropy bound of Padmanabhan's emergent paradigm, for the flat Universe.
Misner-Sharp energy
Let us start with the Misner-Sharp energy [20] 
where u µ = δ µ 0 , T µν and V are the energy-momentum source and the volume of the bulk space, respectively. Then, the total Misner-Sharp energy inside the Hubble horizon reads as
where r H is the Hubble horizon radius and M = E. Moreover, for the apparent horizon we have r = 2M (r) in which for our cosmological case with a flat spatial geometry the apparent and Hubble horizons coincides and consequently this formula takes the form of r H = 2M (r H ). Also, using the Friedmann equations for
. Then, using (5) and (7), we obtain
On the other hand, the maximum of Bousso's covariant entropy bound for k = 0 and the null surface defined by r H is given by
We demand that the inequality (5) to be saturated for k = 0 and the null surface defined by r H as
such that it can be compared with (9) on the null surface defined by r H . In doing so, if we put the MisnerSharp energy E = rH 2 in (10), we arrive at the result that the Misner-Sharp Energy has no capability for having the equal values of entropy bounds (9) and (10) on the "null surface of cosmological apparent horizon". Therefore, this energy definition fails in matching two entropy bounds.
Komar energy
In this subsection, we show that Komar energy is capable for removing the above mentioned inconsistency for the Misner-Sharp energy. To begin with, we consider the Komar energy [21] 
where T is the trace of the energy-momentum source T µν . Then, the total Komar energy in the bulk space enclosed by the surface of the Hubble horizon is given by [8] 
where we have considered the barotropic equation of state p = ωρ 1 . Then, from the inequality (5), we obtain
where the L.H.S becomes maximum (equality case) at r H as
Then, using (14) , we obtain
This shows that, unlike the Misner-Sharp energy, the Komar energy has capability for having the equal values of entropy bounds (9) and (15) on the cosmological apparent horizon null surface for two specific values of ω as ω = 1/3 and ω = −1 corresponding to the radiation and de Sitter universes, respectively. It is interesting to note that without comparison between the covariant entropy bound and entropy bound which comes from Padmanabhan's emergent paradigm, one cannot reach to the correct relation (15) between the entropy of the enclosing surface and the physical quantities within the bulk space. This relation indicates the holographic behaviour of the system in a beautiful way and shows that the holographic principle demands the Komar energy as the correct energy content of the cosmological bulk space.
In the following section, based on what we obtained, we discuss that one may obtain the current accelerating expansion of the universe as a matching condition of two cosmological entropy bounds resulting from the covariant bound and emergent paradigm.
D-bound and Bekenstein bound for the Universe-Black hole system filled by quintessence field
The black hole inside the Universe-Black hole system filled by cosmological field is considered as a solution surrounded by the cosmological field. The metric of this solution is given by
In the case of neutral black hole surrounded by quintessence with w q = −2/3 [30] the metric becomes
The inner and outer horizons are obtained by the equation g rr = 0 as follows
where r q > 4r g and r g < r in < r out < r q . For constructing the D-bound [22] we take the following procedure. D-bound is derived by assuming a matter system inside the apparent cosmological horizon of an observer inside a Universe, with a future de-Sitter asymptotic, which is then converted into an empty pure de-Sitter space through a thermodynamical process by which the matter system is pushed outward the cosmological horizon. The total entropy of the asymptotic de Sitter space, including the matter system, as the initial thermodynamical system is given by
where S m is the entropy of the initial matter inside the cosmological horizon and A c /4 is the BekensteinHawking entropy of the apparent cosmological horizon, enclosing matter system, with surface area A c . The final entropy of the system, after matter evacuation, will be S 0 = A 0 /4 in which A 0 is the area of cosmological horizon of the pure de Sitter space. Considering the generalized second law of thermodynamics S ≤ S 0 , we obtain [22] 
which is the so-called D-bound on the matter system. In the case of Universe-Black hole system filled by quintessence field, A 0 and A c are the area of the horizons enclosing the quintessence field and the quintessence plus matter fields, respectively. Using r 0 = r out | m=0 = r q and r c = r out , the D-bound becomes
For r q ≫ r g , the D-bound leads to S m 2πr q r g .
On the other hand, the Bekenstein bound is given by [22] S m πr in R,
where r in is the gravitational radius of the system and R = r out is the geometric radius of the system. For r q ≫ r g the Bekenstein bound becomes S m πr q r g.
Therefore, it turns out that in this case the Bekenstein bound and the D-bound are not the same for dilute system. Indeed, the Bekenstein bound is tighter than the D-bound.
D-bound and Bekenstein bound for the Universe-Black hole system filled by phantom field
In the case of neutral black hole surrounded by phantom field with w p = −4/3, the metric (16) reads as
Because of g rr = 0 the inner and outer horizons for r p ≫ r g are as follows
To derive the D-bound for this system we use the same equation (21) . In this case A 0 and A c are the area of the horizons enclosing the phantom field and the phantom plus matter fields, respectively. For r p ≫ r g , using r 0 = r out | m=0 = r p and r c = r out , the D-bound is obtained as
The Bekenstein bound (24) for this case is given by
For this case, the D-bound bound is tighter than the Bekenstein bound. It turns out that, as for the quintessence field, for the Phantom field also the Bekenstein bound and the D-bound are not the same for dilute systems. Then, regarding the gravitational nature of both the quintessence and phantom fields in which both of them are violating the strong energy condition but they lead to the looser and tighter Dbounds relative to Bekenstein bound, a question raises up here. Is there any particular field violating the strong energy condition but providing the same result for both these entropy bounds? In other words, what is the matching condition for these two bounds? It is shown by Bousso that for the case of cosmological constant, both these entropy bounds coincide [22] . Then, regarding our obtained results for the quintessence and phantom fields along with [22] , it is seen that the D-bound and Bekenstein bound coincide for the Universe-Black hole system only for the cosmological constant. These findings prove that although all the quintessence, cosmological constant and phantom fields are motivated for deriving the current accelerating expansion of the universe, but the cosmological constant is the only viable cosmological field from entropic point of view.
Discussion and concluding remarks
By applying Bousso's covariant entropy conjecture for the cosmological spatial region in one hand, and the entropy bound which comes from the Padmanabhan's Emergent Paradigm, on the other hand, we have shown that these two entropy bounds are in agreement just for the flat (k = 0) FRW Universe and are equal to the maximal entropy on the "null surface" defined by Hubble horizon r H , provided that:
• inside of the apparent horizon be filled by the radiation, namely ω = • inside of the apparent horizon be pure de Sitter space subject to the cosmological constant, namely ω = −1.
In other words, the maximal entropy inside the apparent horizon of the flat FRW universe occurs when it is filled completely just by the radiation field or cosmological constant. However, considering the fact that ω = 1 3 case cannot describe the accelerating behavior of the Universe, in the context of the Padmanabhan's Emergent Paradigm, we can leave this case and just keep ω = −1 case. We arrive at the conclusion that the cosmological fields with ω = −1, such as phantom and quintessence, are ruled out because of non-compatibility of the covariant entropy bound and the entropy bound coming from the Padmanabhan's Emergent Paradigm 2 . The same result is obtained for the Universe-Black hole system filled by the cosmological fields as follows. We know that D-bound and Bekenstein bound are the direct results of GSL. Therefore, we conclude that both of them must lead to the same entropy bound when imposing on a certain matter system. The cosmological constant is known to contribute to the metric as r 2 term and for this contribution the D-bound is identified with the Bekenstein bound in dilute systems, in complete agreement with the above mentioned conclusion. Any deviation from r 2 term corresponding to the contributions of quintessence and phantom fields as r and r 3 terms leads to D-bounds looser and tighter than the Bekenstein bound, respectively. Therefore, the quintessence and phantom fields are ruled out again because of non-agreement of the D-bound and the Bekenstein bound. These features turns out to be a consequence of weakness and strongness of repulsion forces corresponding to quintessence and phantom fields in comparison to the repulsion force corresponding to the cosmological constant.
